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Abstract: This paper presents the details of an experimental study on the shear behaviour 
and strength of a recently developed, cold-formed steel hollow flange channel beam 
known as LiteSteel Beam (LSB). The new LSB sections with rectangular hollow flanges 
are produced using a patented manufacturing process involving simultaneous cold-
forming and dual electric resistance welding. They are commonly used as flexural 
members in buildings. However, no research has been undertaken on the shear behaviour 
of LSBs. Therefore a detailed experimental study involving 36 shear tests was undertaken 
to investigate the shear behaviour of 10 different LSB sections. Simply supported test 
specimens of LSBs with aspect ratios of 1.0 and 1.5 were loaded at midspan until failure 
using both single and back to back LSB arrangements. Test specimens were chosen such 
that all three types of shear failure (shear yielding, inelastic and elastic shear buckling) 
occurred in the tests. Comparison of experimental results with corresponding predictions 
from the current Australian and North American cold-formed steel design rules showed 
that the current design rules are very conservative for the shear design of LSBs. 
Significant improvements to web shear buckling occurred due to the presence of 
rectangular hollow flanges while considerable post-buckling strength was also observed. 
Appropriate improvements have been proposed for the shear strength of LSBs based on 
the design equations in the North American Specification. This paper presents the details 
of this experimental study and the results. When reduced height web side plates or only 
one web side plate was used, the shear capacity of LSB was reduced. Details of these 
tests and the results are also presented in this paper. 
 
Keywords: LiteSteel beam, Shear strength, Shear tests, Cold-formed steel structures, 
Direct strength method, Slender web, Hollow flanges. 
                    
1. Introduction 
 
In recent times the use of cold-formed and thin-walled steel sections as primary load bearing 
members has increased considerably in the building industry. LiteSteel Beam (LSB) is a new 
cold-formed steel hollow flange channel beam produced by OneSteel Australian Tube Mills 
(see Figure 1). It has a unique shape including two rectangular hollow flanges, and is 
manufactured using dual electric resistance welding and automated continuous roll-forming 
technologies. It has the beneficial characteristics of including torsionally rigid closed 
rectangular flanges combined with economical fabrication processes from a single strip of 
high strength steel. The LSB cross-section has been designed to provide higher structural 
performance compared to other cold-formed steel beams produced to date. It is considered to 
be on average 40% lighter than traditional hot-rolled structural sections of equivalent bending 
strength [1]. Table 1 provides the currently available LSB sections and their dimensions. 
There are 13 LSB sections whose depth varies from 125 mm to 300 mm while their hollow 
flange width varies from 45 mm to 75 mm. The thickness of steel used in LSBs varies from 
1.6 mm to 3.0 mm. 
 
The LiteSteel beams are commonly used as flexural members, for example floor joists and 
bearers in residential, commercial and industrial buildings (Figure 1). In order to ensure safe 
and efficient designs of LSBs, many research studies have been undertaken on the flexural 
behaviour of LSBs [2]. However, no research has been undertaken on the shear behaviour of 
the new mono-symmetric LSBs. Past research [3-8] was restricted to plate girders. Therefore 
a detailed experimental study involving 36 shear tests was undertaken to investigate the shear 
behaviour of 10 different LSB sections and develop improved shear design rules. Simply 
supported test specimens of LSBs with aspect ratios of 1.0 and 1.5 were loaded at mid-span 
until failure. Both single and back to back LSB arrangements were used. Test specimens were 
chosen such that all three types of shear failure (shear yielding, inelastic and elastic shear 
buckling) occurred in the tests. Experimental shear strength results were compared with 
corresponding predictions from the current shear design rules, based on which appropriate 
improvements were made. This paper presents the details of this experimental study on the 
shear behaviour and strength of LSBs and the results including the new design rules. 
Experimental study also included shear tests of LSBs with reduced height web side plates and 
one side web side plates, and these test results are also presented in this paper. 
                    
2. Experimental Studies of LiteSteel Beams 
 
2.1. Tensile Coupon Tests 
 
The structural behaviour of LSBs depends on the mechanical properties of the steel used. 
Therefore tensile tests of steel coupons taken from LSB sections used in the shear capacity 
tests were conducted to determine the required mechanical properties based on the procedure 
specified in AS 1391 [9]. Test coupons were loaded in tension until fracture while taking the 
measurements of applied load and strain. The average yield and ultimate tensile stresses of 
web, inside and outside flange elements are given in Keerthan and Mahendran [10]. Tables 2 
and 3 present the important web yield stresses (fyw) for all the LSB sections while the typical 
stress-strain curves for the coupons taken from the web element is given in Figure 2. This 
figure shows that there is a yield plateau in most of the stress–strain curves obtained for LSB 
web elements. The average yield stress and ultimate tensile strength of the web element are 
446.4 and 531.1 MPa, respectively, while those of inside and outside flange elements are 
479.5 and 537.3 MPa, and 541.9 and 595.1 MPa, respectively. The measured yield stresses 
exceeded the nominal flange yield stress of 450 MPa and the nominal web yield stress of 380 
MPa. Flange yield stresses are considerably higher than 450 MPa, indicating that a higher 
level of cold-working is involved in the flanges, in particular the outside flange element. The 
web and flange yield stresses varied depending on the thickness and LSB section. The 
average measured modulus of elasticity (E) was approximately 200,000 MPa. 
 
2.2. Shear Tests of Back to Back LSBs 
 
In order to fully understand the shear behaviour of LSB sections, a shear test program was 
carefully designed based on the key parameters required for shear tests [11,12]. Test 
specimens were designed to fail in shear prior to reaching other section capacities. All three 
shear failures, namely elastic shear buckling, inelastic shear buckling and shear yielding, were 
simulated in this experimental study.  
 
2.2.1. Shear Test Specimens and Test Set-up 
 
Experimental studies were carried out to investigate the shear behaviour of LSBs using a 
series of primarily shear tests of simply supported LSBs subjected to a mid-span load (see 
Figure 3). Two LSB sections were bolted back to back using three T-shaped stiffeners and six 
                    
web side plates located at the end supports and the loading point in order to eliminate any 
torsional loading of test beams and possible web crippling of flanges and flange bearing 
failures. The use of web side plates was considered to simulate simply supported conditions. 
Transverse web stiffeners were not used in the experiments. A 20 mm gap was included 
between the two LSB sections (see Figure 3) to allow the test beams to behave independently 
while remaining together to resist torsional effects. In order to simulate a primarily shear 
condition, relatively short test beams of span based on two aspect ratios (shear span a/clear 
web height d1) of 1.0 and 1.5 were selected for 10 LSB sections as shown in Table 2. Ten 
shear tests were carried out in this investigation. Table 2 shows the measured dimensions (d1 
and tw) and web yield stresses (fyw) of tested LSB sections.  
 
For LSBs d1 is defined as the clear height of web instead of the depth of the flat portion of 
web measured along the plane of the web as defined in AS/NZS 4600 [13] for cold-formed 
channel sections. The reasons for this are as follows. 
 LSB has two rectangular hollow flanges, which are likely to increase the shear yielding 
capacity by framing action. 
 Outside of the corners are filled with weld material unlike in cold-formed channel 
sections.  
 Buckling occurs within the clear height of web.  
 Although the use of d1 as the depth of the flat portion of web is conservative in estimating 
the shear yielding capacity, it is not safe in the case of elastic buckling. 
 Shear behaviour of LSBs and plate girders are very similar (web-flange boundary 
condition and welding process), and for plate girders, clear web height is used in shear 
capacity calculations.  
 
Shear span (a) was taken as the distance between the centre of inner bolts on the web side 
plates and the required test span was calculated based on the aspect ratios. For example, in the 
case of 125x45x2.0 LSB with d1 = 95 mm, shear span was 142.5 mm corresponding to an 
aspect ratio of 1.5. Hence the specimen length was 470 mm based on the spacing of bolts in 
the web side plates of 45 mm and the edge distance of outer bolts of 25 mm. 
 
Initial geometrical imperfections of LSB specimens were also measured prior to tests, which 
showed that the measured local plate imperfections were about d1/300 and were within the 
manufacturer’s fabrication tolerance limits of d1/150. This demonstrates that the unique 
                    
manufacturing process of LSB does not lead to geometric imperfections that exceed the 
currently accepted fabrication tolerances within the limited context of this study. 
 
The LSB sections were loaded through the central T-shaped stiffener that was attached to the 
back to back test beam and the two web side plates with four M16 bolts at the mid-span 
loading point. These T-shaped stiffeners were important as they avoided bearing failure of the 
flanges. This method of loading has the added advantage of loading through the shear centre 
thus avoiding eccentric loading and web crippling. Similar T-shaped stiffeners were also 
located at the supports, and were bolted to the two LSBs and the two web side plates on either 
side. Figure 3 shows the experimental set-up used in this research. The support system was 
designed to ensure that the test beam acted as a simply supported beam with pinned supports 
at each end. The test beam was supported on round sections using ball bearings to allow the 
ends of the test beams to rotate freely as shown in Figure 3. The applied load at the mid-span 
of the test beam and associated test beam deflections under the loading point were measured 
during the test until failure. For the chosen test set-up using back to back LSBs, the shear 
force induced in each LSB section is equal to applied load divided by 4. 
 
As mentioned earlier, relatively short test beams of span based on aspect ratios of 1.0 and 1.5 
were selected. It is practically impossible to set up a loading scheme in shear tests where a test 
panel is subjected to pure shear. A bending moment will be present too. But it can be assumed 
that the shear capacity is not affected provided the ratio of applied moment to the section 
moment capacity is less than 0.75. This is based on the design rules of AS 4100 for combined 
shear and bending [14]. This requirement was met by all the test specimens chosen in this 
study (Table 2) and hence it is considered that the shear capacities from these tests will be 
accurate. 
 
2.2.2. Test Procedure 
 
Two LSBs were cut to the required length, and their sizes, in particular, the clear web height 
(d1) and web thickness (tw) were measured. Holes were then inserted at the loading and 
support positions to allow for the effective connections at these points. They were then 
assembled as back to back LSBs. The assembled pair of LSB sections was positioned 
accurately in the test rig to ensure that the three point loading method was achieved. A small 
load was applied first to allow the loading and support systems to settle on bearings evenly. 
                    
The cross-head of the testing machine was moved at a constant rate of 1 mm/minute until the 
test beam failed.   
 
2.2.3. Experimental Results 
 
The following sections describe the shear behaviour and failure loads of LSBs under each of 
the three failure modes, namely shear yielding, inelastic shear buckling and elastic buckling. 
 
Shear Yielding 
 
A compact web (small depth to thickness ratio) is subjected to shear yielding. It will yield in 
shear at an average stress of fyw / 3  as given by the von Mises yield criterion [15]. The 
nominal shear capacity of the section is therefore given by Equation 1 in AS/NZS 4600 [13]. 
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where d1 = depth of the flat portion of web measured along the plane of the web, taken as 
clear web height for LSBs and tw = web thickness 
 
The first shear yield test undertaken was that of 125x45x2.0 LSB section. The beam was 
expected to fail by shear yielding (aspect ratio = 1.5). Following comments are made about 
the load-deflection curves shown in Figure 4 for the two LSB members in this shear test and 
the corresponding failure mode in Figure 5. At Point 1, the beam started to yield in shear; 
clear signs of shear yielding were present as shown in Figure 5(a). At Point 2, the beam 
reached the ultimate shear capacity of 56.94 kN (applied load of 227.76 kN/4) with signs of 
shear yielding as shown in Figure 5(b) and at Point 3 the loading of the beam was stopped. 
 
Inelastic Shear Buckling 
 
In the region where shear buckling and yielding interact, the failure stress is given by the 
geometric mean of the buckling stress and 0.8 times the yield stress in shear [15]. The 
resulting equation for the nominal shear capacity (Vv) is given by Equation 2 in AS/NZS 4600 
[13].  
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The shear capacity in Equation 2 relates to the region where shear buckling and yielding 
interact. This formula applies when the web slenderness lies in the following range: 
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The first inelastic shear buckling test undertaken was that of 200x60x2.0 LSB section (Aspect 
Ratio = 1.5). Following comments are made about the load-deflection curve and the failure 
mode for the shear test of 200x60x2.0 LSB section. At Point 1 of the load-deflection curve in 
Figure 6, the web began to distort out of plane as shown in Figure 7 and the beam reached the 
ultimate shear capacity of 73.98 kN (applied load of 295.92 kN/4) at Point 2. This test was a 
good example of inelastic shear buckling failure of LSB as shown in Figure 7.  
 
In order to simulate the simply supported conditions, full lateral support was provided to the 
LSB at the support and loading points by using 75 mm wide web side plates (WSP) that had a 
height of at least 92% of d1 as shown in Table 2 and Figure 8, ie. almost full web height. The 
lateral movements of top and bottom rectangular flanges were effectively prevented due to the 
use of full web side pates (WSP) on both sides of the web at the supports and the loading 
point. 
 
Elastic Shear Buckling 
 
For a web element with a large depth to thickness ratio in cold-formed steel beams, its shear 
capacity is governed by elastic shear buckling. The elastic shear buckling capacity is given by 
Equation 3 in AS/NZS 4600 [13]. 
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where  kv = Shear buckling coefficient and E = Elasticity modulus of steel 
 
Equation 3 above is derived by multiplying the elastic critical shear buckling stress given by 
Equation 4 by the area of web element (d1tw) [15]. The elastic shear buckling capacity can be 
calculated using the relevant elastic shear buckling coefficient kv. 
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The first elastic shear buckling test undertaken was that of 200x45x1.6 LSB section (Aspect 
Ratio = 1.5). Following comments are made about the load–deflection curves for the shear 
test of 200x45x1.6 LSB section (Aspect Ratio = 1.5) shown in Figure 9. At Point 1, the beam 
started to show some signs of out-of-plane deflection within the web, indicating the beginning 
of buckling. At Point 2 the shear yielding commenced; clear signs of shear buckling were 
present and at Point 3 the beam reached the ultimate shear capacity of 54.19 kN (applied load 
of 216.76 kN/4) with signs of elastic shear buckling as seen in Figure 10. It was found that the 
slender web of LSBs did not collapse when their elastic buckling stress was reached. Hence 
these experimental results show that significant reserve strength beyond elastic buckling is 
present and that post-buckling shear strength in LSBs can be included in their design.  
 
Due to the reserve post-buckling strength of LSB sections the 250x60x2.0 LSB and 
300x60x2.0 LSB sections could not be tested to their ultimate shear failure. The capacity of 
the Tinius Olsen testing machine is 300 kN and hence any LSB section with a shear capacity 
greater than 75 kN could not be tested to failure. Therefore a simplified experimental 
arrangement based on single LSB sections was developed and a second series of shear tests 
was undertaken. Their details and results are given in Section 2.3. 
 
2.3. Simplified Experimental Arrangements 
 
In order to simplify the experimental arrangement and to be able to determine the shear 
capacities of larger LSB sections using the available testing machine, single LSBs were used 
instead of back to back LSBs (Figure 11). In this case the load was applied as close as 
possible to the shear centre of LSB specimen at mid-span. The LSB specimen was laterally 
restrained at the supports and the loading point in order to prevent any torsional effects. As 
used with back to back LSB shear tests, T- shaped stiffeners were used at the supports and the 
loading point to avoid web crippling and flange bearing failures. They also provided lateral 
restraint to the specimen and allowed the load application to be closer to the shear centre. 
Figure 11 shows the simplified experimental set-up used in single LSB shear tests whereas 
Table 3 shows the details of 15 shear tests undertaken using this test set-up. As for the first 
                    
shear test series, the aspect ratios chosen were 1.0 and 1.5 except for two tests for which it 
was 1.6 (see Table 3). 
 
Table 4 compares the ultimate shear capacities from the back to back LSB tests with those 
from the single LSB tests whereas Figures 12 compares the load-deflection curves. The 
ultimate shear capacity of LSB was obtained from the maximum applied load by dividing it 
using a factor of 4 and 2 for back to back and single LSB tests, respectively. Table 4 and 
Figure 12 therefore show that the back to back LSB shear tests and the simplified shear tests 
based on single LSBs gave almost the same shear capacities of LSBs.  
 
2.4. Analyses of Test Results 
 
Experimental ultimate shear capacities of single LSBs obtained based on the test set-up using 
back to back LSBs are given in Table 2 while those from the simplified test set-up using 
single LSBs are given in Table 3. The ultimate shear capacity of LSB was calculated as the 
maximum applied load divided by four and two for the back to back LSB and single LSB test 
arrangements, respectively. The ultimate shear capacities and failure modes from tests are 
compared with the predictions from the AS/NZS 4600 design equations (Eqs. 1 to 3) in 
Tables 2 and 3. In these calculations the measured web yield stress fyw and the measured 
specimen sizes (clear height d1 and web thickness tw) given in Tables 2 and 3 were used.  
 
AS/NZS 4600 design equations are based on simply supported edges on all four sides of shear 
panels. They also conservatively recommend a kv value of 5.34 for cold-formed steel beams 
unless they include transverse stiffeners (very large aspect ratios). However, the predicted 
capacities in Tables 2 and 3 are based on higher kv values given by Eq.6 (b) as a function of 
aspect ratio, for example, kv was 9.34 for an aspect ratio of 1.0. The comparison shows that 
the shear capacities predicted by the current design rules in AS/NZS 4600 are very 
conservative in the case of elastic and inelastic shear buckling of LSBs. The mean and COV 
of the ratio of test to predicted shear capacities were calculated for each type of shear failure 
mode. They were 1.05 and 0.024 for shear yielding, 1.10 and 0.085 for inelastic shear 
buckling and 1.55 and 0.170 for elastic shear buckling. The higher mean values confirm the 
conservativeness of current shear design rules in the case of elastic and inelastic buckling. 
This is considered to be due to the following: (1) the current shear design rules ignore the 
                    
additional fixity in the web-flange juncture of LSBs and hence the elastic shear buckling 
capacities are under-estimated (2) they also ignore the presence of post-buckling strength. 
 
The shear failure modes of test specimens were also predicted using the AS/NZS 4600 design 
equations (Tables 2 and 3). Experimental results confirmed the predicted failure modes in 
most cases. However, in some cases involving elastic and inelastic buckling, it was difficult to 
distinguish between them. 
 
As seen in Tables 2 and 3 the web side plates (WSP) of almost full web height (92 to 98% of 
web height) were used at the supports and loading point. The effect of varying the height of 
these web side plates and using only one web side plate to simulate practical applications 
have also been tested, and the results are given in later sections. 
 
2.5. Proposed Design Equations for the Shear Strength of LiteSteel Beams 
 
New shear strength formulae were proposed for LSBs based on the current AS/NZS 4600 
design equations [13] (Eqs. 1 to 3). In the new shear strength formulae the shear buckling 
coefficient kv in Eqs. 1 to 3 is replaced with an increased shear buckling coefficient of LSB 
(kLSB) given by Equation 5 to allow for the additional fixity in the web–flange juncture of LSB 
sections in the elastic and inelastic buckling regions. Details of developing the equation for 
kLSB are given in Keerthan and Mahendran [16].       
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where kss, ksf = shear buckling coefficients of plates with simple-simple and simple-fixed 
boundary conditions. 
                    
 
In this section, the new shear capacity formulae, i.e. Eqs 1 to 3 with   kLSB  instead of kv, were 
used to predict the ultimate shear capacities of tested LSBs, which were compared with 
experimental capacities in Tables 2 and 3 for all the three types of shear failure. The use of 
new shear strength formulae was considered important as the current AS/NZS 4600 design 
equations were found to be very conservative (in particular for the elastic buckling region) 
when their predictions were compared with test results. Since the proposed formulae are 
based on a higher shear buckling coefficient (kLSB) than the AS/NZS 4600 shear buckling 
coefficient (kv), the predicted failure modes are different in some cases (see 150x45x2.0 LSB 
in Table 2).  
 
Comparison of shear capacities in Tables 2 and 3 showed that the mean and COV of the ratio 
of test to predicted shear capacities were 0.985 and 0.062 for shear yielding, 1.009 and 0.059 
for inelastic shear buckling and 1.210 and 0.110 for elastic shear buckling. The lower mean 
values in comparison to those for Eqs.1 to 3 confirm the improvements to the shear capacity 
predictions using the higher shear buckling coefficient given by Eqs. 5 to 7.  Proposed 
equations for shear yielding and inelastic buckling (Eqs. 1 and 2 with Eqs. 5 to 7) are slightly 
unconservative whereas the predictions for elastic buckling (Eq. 3 with Eqs. 5 to 7) are still 
very conservative since the reserve post-buckling strength has not been included yet. 
Therefore AS/NZS 4600 design equations with Eqs. 5 to 7 for shear yielding and inelastic 
shear buckling regions are further modified based on the current North American 
Specification (NAS) design rules [17] and test results. 
 
In the modified equations shear strength (τv) is used with a shear yield coefficient of 0.6 
instead of 0.64 as used by NAS [17]. Accordingly a higher capacity reduction factor of 0.95 is 
recommended by NAS [17] instead of 0.9. The same approach is used with the modified 
equations. Equations 8 to 10 present the new proposed design equations. It is to be noted that 
Equations 9 and 10 have not been modified yet to include the reserve post-buckling strength. 
Inelastic region boundaries have been modified to provide a smooth transition between the 
failure regions, i.e.
yw
LSB
f
Ek415.1  value has been changed to
yw
LSB
f
Ek508.1 ) to obtain a smooth 
design curve. 
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The nominal shear capacities (Vv) can be calculated by multiplying the shear strengths (τv) 
from Equations 8 to 10 by the area of web element (d1tw). Table 5 compares the ultimate shear 
capacities of LSBs from the tests and Equations 8 to 10. This comparison shows that the new 
design equations are accurate in the shear yielding region, but not in the inelastic (Mean = 
1.098, COV = 0.068) and elastic buckling (Mean = 1.266, COV = 0.111) regions. 
 
Equations 11 to 13 are now proposed in which post-buckling strength is included. Here post-
buckling is included in the inelastic and elastic buckling regions to replace Equations 9 and 
10.  New design Equations (Eqs. 12 and 13) are based on Lee et al. [18], who used a similar 
approach for plate girders. 
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    (Elastic shear buckling strength based on Equation 10)           
 
 
For LSBs  )(87.0 sssfssLSB kkkk                                                    ( see Eqs. 5 to 7)      
                                        
The nominal shear capacities (Vv) were calculated by multiplying the shear strengths (τv) 
from Equations 11 to 13 by the area of web element (d1tw). Table 5 compares the predictions 
from Equations 11 to 13 with experimental shear capacities. It shows that the ultimate shear 
capacities predicted by Equations 11 to 13 agree well with experimental capacities for all 
three shear failure modes (similar mean and COV values in Table 5). The overall mean value 
of the test to predicted capacity ratio is 1.05 while the corresponding coefficient of variation 
(COV) is 0.0578. 
 
Capacity Reduction Factor ( v ) 
 
The North American Specification for Cold-formed Steel Structures [17] recommends a 
statistical model to determine the capacity reduction factor. This model accounts for the 
variations in material, fabrication and loading effects.  The capacity reduction factor is given 
as Equation 14. 
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where Mm, Vm = Mean and coefficient of variation of the material factor = 1.1, 0.1 
Fm, Vf = Mean and coefficient of variation of the fabrication factor = 1.0, 0.05 
Vq = Coefficient of variation of load effect = 0.21 
0 = Target reliability index = 2.5 for cold-formed steel members 
Cp = Correction factor depending on the number of tests =  
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Pm = Mean value of the tested to predicted load ratio 
 
Vp = Coefficient of variation of the tested to predicted load ratio, but not less than 6.5%. 
n = Number of tests 
m = Degree of freedom = n-1 
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Pm  and  Vp values are determined from the experimental results. Hence Pm and Vp   are the 
mean and coefficient of variation of the ratio of experimental shear capacity to predicted shear 
capacity. The substitution of the above values except Pm ,Vp  and Cp leads to the following 
equation. 
)0566.0(5.2 2672.1 ppVCmv eP
                                                                               (15) 
 
For the results reported in Table 5, Pm = 1.05 (Overall mean value), Vp = 0.065 (Overall COV 
- the minimum value is used), n = 25, m = 24, Cp = 1.135 and hence 95.0v  from Eq.15. 
 
This is a satisfactory outcome for the proposed design equations (Equations 11 to 13).  
Analysing individual equations for each of the three failure modes resulted in varying  v  
factors. Details are as follows: 
Shear Yielding: n = 8, mean = 1.051, COV = 0.065 937.0v  
Inelastic shear buckling: n = 12, mean = 1.049, COV = 0.065 940.0v  
Elastic shear buckling: n = 5, mean = 1.065, COV = 0.065, 933.0v  
 
In order to avoid confusion, the use of different v  factors for different failure modes must be 
avoided. Therefore it is recommended that an overall v  factor of 0.95 is used with all three 
shear design equations. This is consistent with the current NAS recommendations [17]. 
 
2.6. Comparison of Ultimate Shear Strengths 
 
Experimental shear capacities were compared with the predictions from the proposed shear 
design equations in Table 5. In this section, experimental shear strengths in MPa are 
compared with the predicted strengths from both the proposed and AS/NZS 4600 design 
rules. Since these design rules use different v  factors of 0.95 and 0.90, design shear strengths 
instead of nominal shear strengths are used in this comparison. Figures 13 (a) and (b) show 
the new design curves based on the proposed equations with a v  factor of 0.95 (Equations 8 
to 10 and 11 to 13) and a web yield stress of 430 MPa for aspect ratios of 1.0 and 1.5, 
respectively.  The minimum measured value of LSB web yield stress was about 430 MPa. 
Therefore this yield stress value was used in plotting the design curves. The design curves 
based on the current AS/NZS 4600 design equations (Equations 1 to 3) with a v factor of 
                    
0.90 are also plotted in Figures 13 (a) and (b). AS/NZS 4600 recommends a shear buckling 
coefficient (kv) of 5.34 unless transverse stiffeners are used (very large aspect ratios). 
However, higher shear buckling coefficients based on Equation 6 (b) were calculated for 
aspect ratios of 1.0 and 1.5 and used in the prediction of shear strengths. Experimental shear 
strengths were multiplied by a factor of 0.95 and plotted in Figures 13 (a) and (b) for 
comparison with the design strength curves based on the proposed and AS/NZS 4600 
equations. This comparison shows that the design shear capacities predicted by the current 
AS/NZS 4600 design equations are very conservative despite the use of a higher buckling 
coefficient based on Equation 6 (b) while Equations 9 and 10 are also conservative as the 
potential post-buckling strength has not been included. However, Equations 12 and 13, which 
include the reserve post-buckling strength, are able to predict the shear capacities of LSBs 
quite well. 
 
Plates with a large width to thickness ratio when subjected to direct compression or shear 
undergo elastic buckling at a critical stress value. Analytical studies show that thin plates do 
not collapse when their buckling stress is reached, but has considerable post-buckling 
strength. This has been experimentally verified for plates under axial compression and 
appropriate strength formulae have also been developed and included in various codes. 
However, this is not the case for shear loading. Presumably because of lack of experimental 
evidence on the shear capacity of plates without stiffeners, design codes do not include the 
post-buckling strength in shear, and the design shear stress in webs is therefore limited by the 
elastic buckling capacity [19]. This research has shown that significant reserve strength 
beyond elastic buckling is present and that post-buckling shear strength in LSBs can be 
included in their design (see Figures 13 (a) and (b)).  
 
2.7. Direct Strength Method (DSM) 
 
Current design calculations for cold-formed steel members are complex and hence the new 
direct strength method was developed. The direct strength method provides simple design 
procedures for cold-formed steel members [20]. Proposed design equations (8 to 10 and 11 to 
13) are therefore recast in the new direct strength method format and are given as Equations 
16 to 18 [21]. Equations 16 to 18 present the proposed DSM design equations for shear 
strength (τv) in which post-buckling strength is not included. 
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Equations 22 to 24 present the proposed DSM design equations in which post-buckling 
strength is included. 
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For the DSM based shear strength equations the same capacity reduction factor ( v ) of 0.95 is 
recommended. Experimental ultimate shear strength results are also calculated within the 
DSM format. For this purpose, the ultimate shear strength ( u ) was calculated as the ultimate 
shear capacity from tests divided by the web area of d1tw whereas the slenderness (λ) was 
calculated using Equation 21. Figure 14 shows the non-dimensional shear capacity curve for 
LSBs and compares with experimental results. As expected, Equations 23 and 24 predict the 
shear capacities accurately as they include the available post-buckling strength. 
 
2.8. Effect of Web Side Plate Height on the Shear Behaviour and Strength of LSBs 
 
In some applications in the building industry LSBs are not used with full web side plates 
(WSP) at their supports. In order to investigate the effect of web side plate height on the shear 
behaviour and strength of LSBs, further shear tests were carried out on LSBs with reduced 
height WSPs using the back to back LSB test arrangement. Table 6 shows the details of the 
test specimens used and the test results. 
 
Tests 1 to 5 showed a tendency of LSB flanges to displace laterally as shown in Figures 15 (b) 
and (d). At the support, the top flange of the LSB displaced laterally towards the heel side of 
the flange while the bottom flange displaced towards the opposite side (the toe side) due to 
the shear flow action. This occurred when the full depth of LSB web element was not 
supported by the web side plate (WSP), i.e. the WSP height (s) was only 75% of the web 
height (d1). This led to reduced restraint to the lateral movement of flanges. In contrast, when 
full lateral support was provided to the LSB top and bottom flanges at the supports by using 
full height WSPs as shown in Figures 15 (a) and (c), the LSB top and bottom flanges were 
effectively prevented from lateral displacement at the supports. Table 6 shows that the shear 
capacity of LSB increases with increasing height of WSP. Proposed shear design formulae 
(Equations 8 to 10 and 11 to 13) are valid when the WSPs are used to the full height of the 
web element at the supports and loading point (i.e. no lateral movements of top and bottom 
flanges).  For 200x45x1.6 LSB, there was about 16% shear capacity reduction when the web 
side plate height to clear web height ratio (s/d1) was reduced from 0.92 to 0.82 whereas the 
reductions were 11.3% and 9.5% for 150x45x1.6 LSB and 150x45x2.0 LSB, respectively, 
when the web side plate height to clear web height ratio (s/d1) was reduced from 0.92 to 0.75. 
 
 
                    
2.9. Effect of One Web Side Plate on the Shear Behaviour and Strength of LSBs 
 
In some applications in the building industry LSBs are used with only one web side plate 
(WSP) at their supports. In order to investigate the effect using only one web side plate on the 
shear behaviour and strength of LSBs further shear tests were carried out using the back to 
back LSB test arrangement. Table 7 shows the details of test specimens used and the results. 
 
As shown in Figures 16 (b) and (d) the outside WSP (Heel side) effectively prevents the 
lateral displacements of the top flange at the support that occurs due to the shear flow action. 
In contrast the bottom flange moves towards the opposite side (Toe side) due to the shear flow 
action as the web element is not fully supported by the inside WSP (Toe side). To prevent the 
lateral movement of bottom flange, bolts should be located near the bottom flange. Table 7 
compares the shear capacities of LSBs with one side WSP and both sides WSP. It shows that 
there is about 20% reduction in shear capacity due to the lateral movement of the bottom 
flange. Therefore it is recommended that the proposed shear design equations (Equations 8 to 
10 and 11 to 13) can be used with one web side plate support conditions provided a reduction 
factor of 0.8 is used.  
 
2.10. Discussion on the Use of Web Side Plates 
 
In the previous sections, the effect of varying the height of web side plates and using only one 
web side plate to simulate practical applications was investigated. Test results showed that 
practical support conditions (see Tables 6 and 7) were not sufficient to provide the required 
simply supported conditions. Therefore web side plates were provided on both sides to 
simulate the ideal simply supported conditions (not fixed conditions). Transverse web 
stiffeners were not used in the experiments. The use of web side plates in this research is to 
provide the required simply support conditions at the supports and the loading point, while 
also eliminating the web crippling failure. A recent study based on finite element analyses of 
LSBs [22] showed that the use of web side plates simulated only the required simply 
supported conditions. Finite element models of LSBs based on ideal simply supported 
conditions and those which simulated the web side plate conditions used in this experimental 
study gave the same shear buckling loads. Hence it can be concluded that experimental results 
in this paper have demonstrated the presence of post-buckling strength of LSBs and that 
simply supported conditions are sufficient to develop post-buckling strength due to the 
                    
tension field action. Additional transverse stiffeners or stiffer support conditions are not 
required. Yoo et al. [23] found that simply supported conditions are sufficient to develop a 
practically meaningful post-buckling strength due to the tension field action for plate girders.  
 
3. Conclusions 
  
This paper has presented the details of an experimental investigation into the shear behaviour 
of an innovative cold-formed hollow flange channel section known as LiteSteel beams. Thirty 
six shear tests were undertaken using a three point loading arrangement. It was found that 
AS/NZS 4600 design equations are conservative for the shear buckling design of LSBs as 
they do not include the higher level of fixity at the web-flange juncture and the post-buckling 
strength. Significant reserve strength beyond elastic buckling was present and this post-
buckling shear strength can be included in design. Appropriate improvements have been 
proposed for the shear strength of LSBs based on NAS [17] design equations. It was found 
that the effect of using one web side plate on the shear behaviour of LSB is significant and 
there is about 20% shear capacity reduction due to the lateral movement of the bottom flange 
at the supports. Shear capacity of LSB was also found to decrease when full height WSPs 
were not used. 
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Figure 1:  LiteSteel Beam and its Applications [1] 
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Figure 2: Typical Stress-Strain Curves for the Web Element of 200x60x2.0 LSB 
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(a) Schematic Diagram  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Experimental Set-up 
 
Figure 3: Experimental Set-up of Back to Back LSBs 
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 Figure 4: Applied Mid-span Load versus Mid-span Deflection  
for 125x45x2.0 LSB 
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(a) Commencement of Yielding in Shear                         (b) Shear Yielding Failure 
 
Figure 5: Shear Yielding Failure of 125x45x2.0 LSB (Aspect Ratio = 1.5) 
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Figure 6: Applied Mid-span Load versus Mid-span Deflection  
for 200x60x2.0 LSB (Aspect Ratio = 1.5) 
Load Vs Displacement Curve for 200x60x2.0 LSB
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Figure 7: Inelastic Shear Buckling Failure of 200x60x2.0 LSB  
(Aspect Ratio = 1.5) 
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Figure 8: Use of Full Height Web Side Plates at the Supports 
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Figure 9: Applied Mid-span Load versus Mid-span Deflection  
for 200x45x1.6 LSB (Aspect ratio = 1.5) 
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Figure 10: Elastic Shear Buckling Failure of 200x45x1.6 LSB   
(Aspect Ratio = 1.5) 
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Figure 11: Simplified Experimental Set-up based on Single LSB 
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Figure 12: Applied Mid-span Load versus Mid-span Deflection for 200x45x1.6 
LSB 
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(a) Aspect Ratio = 1.0 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Aspect Ratio = 1.5 
 
 
Figure 13: Design Shear Strength of LSB versus Clear Web Height to Thickness 
Ratio (d1/tw)     fyw = 430 MPa 
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Figure 14: Comparison of Experimental Shear Strengths of LSBs with DSM 
Based Design Equations 
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Figure 15: Effect of Web Side Plate Height on the Shear Behaviour of     
200x45x1.6 LSB 
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Figure 16: Effect of One Side Web Side Plate on the Shear Behaviour of 
200x45x1.6 LSB 
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Table 1: Nominal Dimensions of LSB Sections 
 
 
LSB Section 
(External 
Dimensions) 
Depth Flange Thick-
ness 
Corner Radius 
 Width Depth
d bf df t ro riw 
mm mm Mm mm mm mm 
300x75x3.0LSB 300 75 25.0 3.00 4.50 3.00 
300x75x2.5LSB 300 75 25.0 2.50 3.75 3.00 
300x60x2.0LSB 300 60 20.0 2.00 3.00 3.00 
250x75x3.0LSB 250 75 25.0 3.00 4.50 3.00 
250x75x2.5LSB 250 75 25.0 2.50 3.75 3.00 
250x60x2.0LSB 250 60 20.0 2.00 3.00 3.00 
200x60x2.5LSB 200 60 20.0 2.50 3.75 3.00 
200x60x2.0LSB 200 60 20.0 2.00 3.00 3.00 
200x45x1.6LSB 200 45 15.0 1.60 2.40 3.00 
150x45x2.0LSB 150 45 15.0 2.00 3.00 3.00 
150x45x1.6LSB 150 45 15.0 1.60 2.40 3.00 
125x45x2.0LSB 125 45 15.0 2.00 3.00 3.00 
125x45x1.6LSB 125 45 15.0 1.60 2.40 3.00 
* d, bf, df  = External dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
weld
weld
Table 2: Ultimate Shear Capacities from Back to Back LSB Tests  
 
fyw  = measured yield stress of web element, d1, tw = measured clear height and base metal thickness of web element, a = shear panel length 
Aspect ratio = a/d1 and s/d1 = Height (s) of 75 mm wide web side plates / d1 . 
 
LSB 
section a/d1 
tw 
(mm) 
d1 
(mm) d1/tw 
fyw  
(MPa) 
s/d1 
(%) 
Expt. Ult. 
Shear  
Capacity 
(kN) 
AS/NZS 4600 Design Rules AS/NZS 4600 Design Rules and Eqs. 5 to 7 
Ult. Shear 
Capacity 
Shear Failure 
Modes 
Ult. Shear 
Capacity 
Shear Failure 
Modes 
125x45x2.0 1.5 1.94 95.2 49.1 444.4 95 56.9 52.5 Yielding 52.5 Yielding 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 92 47.0 40.6 Inelastic buckling 49.1 Inelastic buckling 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 92 45.8 40.6 Inelastic buckling 49.1 Inelastic buckling 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 92 59.5 60.9 Inelastic buckling 63.9 Yielding 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 92 58.8 60.9 Inelastic buckling 63.9 Yielding 
200x45x1.6 1.5 1.61 169.6 105.3 452.1 92 54.2 31.7 Elastic buckling 46.3 Elastic buckling 
200x60x2.0 1.5 1.97 160 81.2 440.4 98 74.0 61.6 Elastic buckling 75.1 Inelastic buckling 
250x60x2.0 1.5 1.96 209.6 106.9 451.9 93 >75.0 46.3 Elastic buckling 67.6 Elastic buckling 
300x60x2.0 1.5 1.97 262.3 133.2 459.7 95 >75.0 37.6 Elastic buckling 54.8 Elastic buckling 
200x45x1.6 1.0 1.61 169.6 105.3 452.1 92 63.6 41.6 Elastic buckling 54.3 Elastic buckling 
Table 3: Ultimate Shear Capacities from Single LSB Tests  
LSB section a/d1 
tw 
(mm) 
d1 
(mm) d1/tw 
fyw  
(MPa) 
s/d1 
(%) 
Exp. Ult. 
Shear 
Capacity 
(kN) 
AS/NZS 4600 Design Rules AS/NZS 4600 Design Rules  and Eqs. 5 to 7 
Ult. Shear 
Capacity 
Shear Failure 
Modes 
Ult. Shear 
Capacity 
Shear Failure 
Modes 
150x45x2.0 1.0 1.97 120.0 60.9 437.1 92 68.5 66.1 Yielding 66.1 Yielding 
200x60x2.0 1.0 1.97 160.0 81.2 440.4 98 88.2 71.2 Inelastic buckling 81.4 Inelastic buckling 
200x60x2.5 1.0 2.50 161.0 64.4 443.3 98 119.3 114.2 Yielding 114.2 Yielding 
250x60x2.0 1.0 1.96 209.6 106.9 451.9 93 90.1 60.7 Elastic buckling 79.3 Elastic buckling 
250x75x2.5 1.0 2.51 201.0 80.1 446.0 98 139.6 116.3 Inelastic buckling 133.0 Inelastic buckling 
300x60x2.0 1.0 1.97 262.3 133.2 459.7 95 93.0 49.3 Elastic buckling 64.3 Elastic buckling 
300x75x2.5 1.0 2.51 250.0 99.6 449.1 98 143.7 106.9 Elastic buckling 133.4 Inelastic buckling 
150x45x1.6 1.5 1.58 120.0 75.9 454.2 92 47.1 40.6 Inelastic buckling 49.1 Inelastic buckling 
150x45x2.0 1.5 1.97 120.0 60.9 422.6 92 61.1 60.9 Inelastic buckling 63.9 Yielding 
200x45x1.6 1.5 1.61 169.6 105.3 452.1 92 56.8 31.7 Elastic buckling 46.3 Elastic buckling 
200x60x2.5 1.5 2.50 161.0 64.4 443.3 98 110.0 100.5 Inelastic buckling 114.2 Yielding 
250x75x2.5 1.5 2.51 201.0 80.1 446.0 98 118.9 101.4 Elastic buckling 122.7 Inelastic buckling 
300x75x2.5 1.5 2.51 250.0 99.6 449.1 98 125.1 81.5 Elastic buckling 119.0 Elastic buckling 
200x60x2.0 1.6 1.97 160.0 81.2 440.4 98 79.4 59.7 Elastic buckling 74.4 Inelastic buckling 
200x60x2.5 1.6 2.50 161.0 64.4 443.3 98 107.9 98.9 Inelastic buckling 114.2 Yielding 
   fyw  = measured yield stress of web element, d1, tw = measured clear height and base metal thickness of web element, a = shear panel length      
   Aspect ratio = a/d1 and s/d1 = Height (s) of 75 mm wide web side plates / d1. 
 
 
 
 
 
Table 4: Comparison of Experimental Ultimate Shear Capacities  
from Single and Back to Back LSB Shear Tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LSB Section a/d1 
Shear Capacity of LSB in kN 
Back to back 
LSB Tests 
Single LSB 
Tests 
150x45x1.6 1.5 47.0 47.1 
150x45x2.0 1.5 59.5 61.1 
200x45x1.6 1.5 54.2 56.8 
Table 5: Comparison of Predicted Ultimate Shear Capacities Using Eqs. 8 to 10 
and Eqs. 11 to 13 with Experimental Capacities. 
LSB 
Section 
Aspect 
Ratio 
a/d1 
d1/tw 
Failure 
Modes 
Ultimate Shear Capacity (kN) Test to Predicted Capacity Ratio 
Test Predicted Eqs.8-10 
Predicted 
Eqs.11-13 Eqs.8-10 Eqs.11-13 
150x45x2.0 1.0 60.9 
Shear 
Yielding 
68.5 62.0 62.0 1.10 1.10 
200x60x2.5 1.0 64.4 119.3 107.1 107.1 1.11 1.11 
125x45x2.0 1.5 49.1 56.9 49.2 49.2 1.16 1.16 
150x45x2.0 1.5 60.9 58.8 59.9 59.9 0.98 0.98 
150x45x2.0 1.5 60.9 61.1 59.9 59.9 1.02 1.02 
150x45x2.0 1.5 60.9 59.5 59.9 59.9 0.99 0.99 
200x60x2.5 1.5 64.4 110.0 107.1 107.1 1.03 1.03 
200x60x2.5 1.6 64.4 107.9 107.1 107.1 1.01 1.01 
Mean and  COV Values for Shear Yielding 1.051, 0.062 
1.051, 
0.062 
200x45x1.6 1.0 105.3 
Inelastic 
Shear 
Buckling 
63.6 51.6 56.1 1.23 1.13 
200x60x2.0 1.0 81.2 88.2 76.3 77.7 1.16 1.14 
250x60x2.0 1.0 106.9 90.1 76.5 83.5 1.18 1.08 
250x75x2.5 1.0 80.1 139.6 124.6 126.7 1.12 1.10 
300x75x2.5 1.0 99.6 143.7 125.1 133.9 1.15 1.07 
150x45x1.6 1.5 75.9 47.0 46.0 47.2 1.02 1.00 
150x45x1.6 1.5 75.9 45.8 46.0 47.2 1.00 0.97 
150x45x1.6 1.5 75.9 47.1 46.0 47.2 1.02 1.00 
200x60x2.0 1.5 81.2 74.0 70.4 73.0 1.05 1.01 
250x75x2.5 1.5 80.1 118.9 115.1 119.1 1.03 1.00 
300x75x2.5 1.5 99.6 125.1 115.5 126.2 1.08 0.99 
200x60x2.0 1.6 81.2  79.4 69.8 72.5 1.14 1.10 
Mean and  COV Values for Inelastic Shear Buckling 1.098, 0.068 
1.049, 
0.060 
300x60x2.0 1.0 133.2 
Elastic 
Shear 
Buckling 
93.0 64.3 80.0 1.45 1.16 
200x45x1.6 1.5 105.3 54.2 46.3 51.8 1.17 1.05 
200x45x1.6 1.5 105.3 56.8 46.3 51.8 1.23 1.10 
250x60x2.0 1.5 106.9 >75.0 67.6 76.3 >1.11 >0.98 
300x60x2.0 1.5 133.2 >75.0 54.8 72.4 >1.37 >1.04 
Mean and  COV Values for Elastic Shear Buckling 1.266, 0.111 
1.065, 
0.064 
Overall Mean and COV Values 1.11, 0.010 
1.05, 
0.0578 
 
Table 6: Effect of Web Side Plate Height on the Ultimate Shear Capacities of 
LSBs 
 
      Note: WSP sizes are given as height (s) x width; d1 = Clear height of web 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LSB 
Section a/d1 
Both Sides 
WSP Sizes 
s/d1 
(%) 
Ult. Shear 
Capacity(kN) Failure Mode 
150x45x1.6 1.5 90x75 75 41.7 Inelastic Shear Buckling 
150x45x1.6 1.0 90x75 75 43.5 Shear Yielding 
150x45x2.0 1.0 90x75 75 61.2 Shear Yielding 
150x45x2.0 1.5 90x75 75 53.8 Shear Yielding 
200x45x1.6 1.5 140x75 82 45.5 Elastic Shear Buckling 
150x45x1.6 1.5 110x75 92 47.0 Inelastic Shear Buckling 
150x45x2.0 1.5 110x75 92 59.5 Shear Yielding 
150x45x2.0 1.0 110x75 92 68.5 Shear Yielding 
200x45x1.6 1.5 156x75 92 54.2 Elastic Shear Buckling 
Table 7: Comparison of Ultimate Shear Capacities of LSBs with Web Side Plates 
on One Side and Both Sides 
LSB 
Section d1/tw a/d1 
Ult. Shear Capacity (kN) 
 
 
One Side WSP 
 
Both Sides WSP 
Failure Mode 
One Side 
WSP 
Both Sides 
WSP 
200x60x2.5 64.4 1.5  90.1 
 
110.0 81.9 % Shear Yielding 
250x60x2.0 106.9 1.5 61.1 75.0 81.5 % Inelastic Shear buckling 
200x45x1.6 105.3 1.5 43.9 56.8 77.3 % Elastic Shear Buckling 
200x60x2.0 81.2 1.6 62.9 79.4 79.2 % Inelastic Shear buckling 
200x60x2.5 64.4 1.0 89.1 119.3 74.7 % Shear Yielding 
200x60x2.0 81.2 1.0 71.3 88.2 80.9 % Inelastic Shear buckling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
